Introduction
due to the higher proliferation of CD3 and CD56 double Lymphocytes are attractive vehicles for cytokine delivery positive cells. 9 because of their ability to proliferate in response to cytoRecently, it has been shown that CIK cells are capable kines like interleukin-2 (IL-2), IL-7 and IL-12, to migrate of eradicating an established human tumor in SCID throughout the body and to express recombinant promice. 10 In contrast, lymphokine-activated killer (LAK) teins.
1,2 However, most gene transfer methods are either cells had no effect in this in vivo model. IL-7 has been toxic or have low efficiency when used to transfect T lymdemonstrated to be a growth factor for CIK cells, 11 phocytes. Retroviral vectors are most widely used. 3 Hwu induces the generation of CTL and LAK cells and is capet al reported poor secretion of TNF after transfection of able of augmenting cytotoxic activity of immunologic tumor-infiltrating T lymphocytes with the TNF gene effector cells. [12] [13] [14] CIK cells transfected with the IL-7 gene using a retroviral vector. 4 Transfection of T cells using have been shown to possess an increase in proliferation physical gene transfer methods including electroporrate and cytotoxic activity as compared with nontransation 5 and particle bombardment 6 have been reported. fected cells. Recently, receptor-mediated gene transfer into T lymphoHere, we show that transfection of CIK lymphocytes cytes via binding of DNA/CD3 antibody particles to the with nonviral vectors leads to secretion of TNF and CD3 T cell receptor complex has been shown to induction of apoptosis and necrosis. This increase in efficiently transfect T cells. 7 apoptosis and necrosis of CIK lymphocytes could be Cytokine-induced killer (CIK) cells are non-major hisblocked by the addition of an anti-TNF antibody. tocompatibility complex-restricted cytotoxic lymphocytes generated by incubation of peripheral blood lymphocytes with anti-CD3 monoclonal antibody, IL-2, IL-1 and interResults feron gamma. 8 CIK cells are cells with enhanced cytotoxicity and a higher proliferation rate as compared with CIK cells were transfected with the IL-2 and IL-7 gene using receptor-mediated gene transfer as described recently. 7 Untransfected and transfected CIK cells were assayed for secretion of TNF␣. Untransfected cells pro-to IL-7. There was no correlation between the amount of body ( Figure 2b ) correlated well when we compared this flow cytometric assay with hemalaun staining (Figure  IL-7 and TNF secretion (data not shown) .
We looked at various transfection methods for 2c). Using annexin marked with FITC an increase in the percentage of apoptotic cells was detected in transfected secretion of TNF␣. We found that TNF secretion was dependent on the transfection method used. Highest as compared with nontransfected cells. The percentage of apoptotic cells increased from 17 ± 1.6% in nontransamounts of TNF were found using receptor-mediated gene transfer (Figure 1a ). High amounts of TNF were also fected to 43 ± 3.8% in transfected cells using lipofection.
A representative example is shown in Figure 3a and b. detected in cells transfected using lipofection. In contrast, cells transfected using electroporation or retrovirus Similar results were obtained using receptor-mediated gene transfer, where up to 70% of the transfected cells showed only small amounts of TNF (Figure 1a) . Secretion of TNF was independent of the cytokine transfected.
were apoptotic (data not shown). According to this, there was a significant decrease in the percentage of viable cells Similar results were obtained for IL-7 and IL-2 genes as well as vectors without genes expressed (Figure 1a) . in transfected cells. Here, the percentage decreased from 82 ± 7.9% in nontransfected cells to 44 ± 6.9% in transNext, we looked at various subgroups of transfection methods. Addition of polybrene alone (used for retroviral fected cells (Figure 3a and b) . Since the induction of apoptosis and the decrease of transfection) or the use of an adenovirus alone (used for receptor-mediated gene transfer) showed no TNF viable immunologic effector cells is a hindrance if these cells are to be used for therapy, we tested whether we secretion ( Figure 1b) . Lipofection without plasmid led to significant TNF secretion.
could block the induction of apoptosis by a neutralizing anti-TNF antibody. Using this antibody it was possible Since TNF has a crucial role in apoptosis we measured the percentage of apoptotic cells before and after transfecto decrease the amount of apoptosis in transfected cells from 43 ± 3.8% to 31 ± 4.0% and increase the percentage tion of CIK cells. First, a flow cytometric assay was established using annexin marked with FITC as described by of viable cells from 44 ± 6.9% to 61 ± 12.1%, respectively. An experiment is shown in Figure 3b and c. Koopman et al 15 and Kerr et al. 16 The percentage of apoptotic cells induced by addition of an anti-CD95/Fas antiPreliminary data indicate that addition of anti-TNF antibody to transfected lymphocytes completely restores ment of and signaling through the Fc receptor, CD16 molecule. 23 ,24 C-myc expression seems to be required for actinormal proliferation rate up to the level of untransfected cells (data not shown).
vated NK cells to die after stimulation with anti-CD16. A proportion of LAK cells undergo apoptosis as they engage in target cell lysis. 25 Glucocorticoids, ionizing Discussion radiation and oxygen radicals are well-known inducers of apoptosis. A rise in cytosolic ionized calcium can trigRetrovirus-or adenovirus-mediated gene transfer are ger thymocytes. 26 Activation of calcium-dependent currently the methods of choice for transfection of human enzymes leads to DNA degradation and chromatin con-T lymphocytes. However, viral vectors require dividing densation via endonucleases, disruption of cytoskeleton target cells and may raise safety questions in human gene and cell shrinkage via calpain, and cross-linking of cytotherapy. CD3 receptor-mediated gene transfer is an plasmic proteins via transglutaminase. 27 Changes in phoefficient method for the transfection of special T cells spholipid metabolism may also play a role in apoptosis termed CIK cells and cell mortality is relatively low cominduced by TNF. The bcl-2 oncogene seems to be pared with other nonviral gene transfer methods. 17 Our important in lymphocyte apoptosis. 19 data indicate that gene transfer procedures lead to induc-TNF␣ causes apoptosis in CD8 + T cells via the p75 TNF tion of apoptosis in lymphocytes. Lipopolysaccharide is receptor. IL-2 and IL-7 protect NK cells from apoptosis a frequent contaminant of plasmid DNA preparations and increase the expression of bcl-2. 28 Endogenously proand has been shown to be toxic to primary cells in the duced TNF␣ is involved in mediating the effects of IL-7 presence of adenovirus. 18 However, here we demonstrate and IL-12. 29 TNF␣ is produced by activated lymphocytes, that other reasons for the induction of apoptosis exist neutrophils, macrophages, NK cells, LAK cells, endosuch as the use of an anti-CD3 antibody.
thelial cells, smooth muscle cells and astrocytes. 9 RetroApoptosis or programmed cell death is a form of phyviral vector mediated transfer of the TNF␣ gene into siologic cell death that has distinct morphologic feahuman cancer cells leads to apoptosis 30 and is associated tures. 16 Apoptosis is important for normal lymphocyte with down-regulation of the bcl-2 gene. Trans-retinoic development and function. 19 Mature T cells undergo acid has been used to up-regulate TNF production by apoptosis when their T cell receptor becomes engaged transduced TIL cells. 31 TNF is one of the mediators of TIL after activation, and this may represent a mechanism for and other immunologic effector cells. 31 induction of tolerance or selection of T cell clones. [20] [21] [22] NK cells have been reported to die by apoptosis on engage-
The TNF␣ gene is one of the earliest genes to be tran-high amounts of IL-2 or IL-7. 29 The improved proliferation rate seemed to be due to IL-7 production because mAbs against IL-7 blocked the effect.
In three out of 15 cases it was not possible to transfect the cells. The reason for this phenomenon remains to be examined and there could be a need for a more effective transfer system such as a retroviral system. However, transfection of lymphocytes seems to be very difficult. Our data compare well with those of Hwu et al 4 using a retroviral vector and selection.
TNF possesses cytotoxic effects against transformed cells in vitro. Therefore, the use of an antibody against TNF may influence the cytotoxic activity of immunologic effector cells. The use of anti-TNF␣ mAb may lead to inhibition of IL-7-and IL-12-induced LAK activity and proliferative activity. 29 According to our data it seems that the time-point when the anti-TNF mAb is added to the transfection mixture is critical for its positive or negative influence on cytotoxic and proliferative activity.
LAK cells and TIL have been used as therapeutics for the treatment of various malignancies with limited success. 43, 44 It could be that activated lymphocytes die rapidly by apoptosis. 25 Our data show that induction of apoptosis seems to be increased by gene transfection procedures. Drugs capable of protecting lymphocytes from apoptosis should be useful for lymphocyte-based therapies.
In conclusion, gene transfer techniques lead to TNF secretion, apoptosis and necrosis of lymphocytes. This could be blocked using an anti-TNF antibody. Blockage of apoptosis should have an impact on the use of lymphocytes transfected with cytokine genes as immunologic 
CD95mAb) and (d) (without anti-CD95mAb).

Materials and methods
scribed in lymphocytes after activation. 32 ,33 TNF␣ gene induction does not require de novo protein synthesis.
32,33
Generation of cytokine-induced killer cells In resting T lymphocytes, activation of the calcium-CIK cells were generated as described previously. 9, 41 In dependent serine/threonine phosphatase calcineurin is brief, nonadherent Ficoll separated human peripheral sufficient for the induction of the TNF␣ promoter. 33 In blood mononuclear cells were prepared and grown in activated T cells, ATF-2 and Jun proteins cooperate with RPMI 1640 medium (Gibco BRL, Berlin, Germany), conNFATp for TNF␣ gene activation. 34 A role of TNF␣ in sisting of 10% fetal calf serum (Gibco BRL), 25 mm Hepes, modulating the expression of c-myc, 35 c-jun, 36 c-fos 37 and 100 U/ml penicillin and 100 U/ml streptomycin. On day c-kit 38 has been documented. 0 1000 U/ml human recombinant interferon gamma The ability of malignant cells to survive exposure to (Boehringer Mannheim, Mannheim, Germany) were cytotoxic agents is a major obstacle to cure in cancer added. After 24 h of incubation, 50 ng/ml of an antibody patients. Immunologic effector cells such as LAK cells, 12, 39 against CD3, 100 U/ml IL-1 and 300 U/ml IL-2 TILs 40 or CIK cells 9 may be suitable to remove residual (Boehringer Mannheim) were added. Cells were incutumor cells resistant to chemotherapy. Large numbers of bated at 37°C in a humidified atmosphere of 5% CO 2 and these cells are necessary for effective immunotherapy. 3 subcultured every 3 days in fresh complete medium and However, in some patients it is difficult to obtain suf-IL-2 at 3 × 10 6 cells/ml. ficient effector cell numbers since these cells grow poorly in vivo.
Expression plasmids for IL-2 and IL-7 We reported a protocol generating large numbers of
The plasmids pCEP-IL-2 and IL-7 were constructed on efficient cytotoxic effector cells termed cytokine-induced the basis of the commercially available pCEP4 vector killer (CIK) cells. 9, 10, 41 Despite their high cytotoxic activity (Stratagene, NV Leek, The Netherlands). It contains a against tumor cells normal human hematopoietic pro-CMV promoter-enhancer sequence, the cDNA from genitor cells, were mainly unaffected in a CFU-GM assay.
human IL-2 and IL-7 mRNA, respectively, a self-repli-CIK cells transfected with an IL-7 expression plasmid cation origin (EBNA-1), a gene for ampicillin and for hyghave shown improved cell proliferation. Using cytokine romycin resistance and a SV-40 poly (A) signal sequence. gene transfected CIK cells it should be possible to reduce the amount of exogenous IL-2 or IL-7 using the transfected cells in order to reduce toxicity of the treatment.
42
Transfection of CIK cells CIK cells were transfected using CD3 receptor-mediated It would be expected that local expression of IL-7 is less harmful to the patient than systemic administration of gene transfer according to a protocol designed by E Wagner, Boehringer Ingelheim, R&D, Vienna, AusGaithersburg, MD, USA. CIK cells were pelleted and suspended at 5 × 10 6 cells in 3 ml of the retroviral supertria. 45 Briefly, a complex is formed containing an inactivated adenovirus, streptavidin-polylysine, the plasmid natant, supplemented with polybrene to a final concentration of 2 g/ml. The cells were centrifuged 24 h later pCEP-IL-7 and an antibody against CD3, coupled with polylysine. With this transfection mixture 2 × 10 6 cells in and resuspended in 3 ml of freshly thawed retroviral supernatant, again supplemented with polybrene. Forty-1 ml serum-reduced medium are incubated for 4 h in an incubator. Then, 1 ml of normal growth medium is added eight hours after transduction cells were partially selected for 3 days by using a concentration of 2 mg/ml of to the cells and the supernatant is collected after 24 h and examined for the presence of IL-2 and IL-7, respectively. the neomycin analogue Geneticin (G418; Gibco). In the case of liposomal gene transfer 2 × 10 6 CIK cells Alternatively, cells were transfected using a retroviral vector containing the IL-2 gene. Retroviral vector conper transfection were washed once in serum-free growth medium without antibacterial agents (OPTI-MEM; Gibco structs were kindly provided by Genetic Therapy, BRL). The cells were then suspended in 0.8 ml OPTIcitrate buffer were treated by microwave for 15 min. Slides were washed twice and stained with hemalaun. MEM and seeded in a six-well plate. In a sterile tube the following solution was prepared: (1) For each transfection 4 g of DNA was diluted in 100 l OPTI-MEM. (2) Statistical analysis For each transfection 8 l of Lipofectamine (Gibco BRL)
Wilcoxon matched pairs test was used to determine was diluted in 100 l OPTI-MEM. The two solutions were statistical significance. A P value Ͻ 0.05 was considered combined, mixed gently and incubated at room temperasignificant. ture for 30 min to allow DNA-liposome complexes to be formed. Complexes were added to the cell suspension,
